Abstract -We present a computer simulation of the partially ionic liquid alloy Li4Pb at 1085K. The calculation is based on the pairwise potentials used by Copestake et al, to describe the structure of this system: screened Coulomb interact ions plus a soft core repulsion. Diffusion coefficients and static and dynamical structure functions are evaluated and compared with experimental results. Pair correlation functions are also presented. The dynamical structure factors show in addition to the interdiffusion mode a propagating mode which is most strongly visible in the Li-Li partial van Hove function. We interpret this mode as an optical-like mode in the liquid.
I -Introduction
An important and well studied binary metallic fluid is .the liquid alloy Li-Pb. Many of its properties have been measured over the last ten years: all of them vary in a non ideal way with the composition, and show a maximum deviation close to the composition Li0,80Pb0,20 iLi4Pb for short). {For a review of the experimental data, see ref .l).
In particular, the system deviates strongly from the ideal mixing behaviour. The particles in the melt are not distributed at random: unlike atoms are preferred as nearest neighbours.
The nature of the bonding in Li4Pb has been investigated by several authors, following mainly two different approaches. In the first approach the existence of chemical complexes with finite lifetime has been conjectured /2-5/; in the second one it has been suggested that bonding might be partially salt-1 ike ./6,7.,'. While direct evidence for the existence of chemical complexes has not emerged, many experiments indicate that there is charge transfer.
It has been suggested /i/ that the experimental concentrationconcentration structure factor Scc(q) can provide informations about the intermediate-range part of the "ordering" or "interchange" potential defined a s v(r) = where U i j is the pairwise potential. Applying this procedure to L14Pb Copestake et al. /8/ found by using the mean spherical {MSA! and hypernetted-chain iHNC) approximations that the structure can be well decribed using a screened Coulomb iYukawa) potential {plus a short range repulsive part). This corresponds to a model in which negative charge is transferred from Li to Pb.
At the composition Li4Pb the Li and Pb atoms are expected to have similar diameters d (chosen equal to 2.658 from the experimental Scc data). The pair potential used by Copestake et al. /8/ in their HNC calculation which forms the basis of our simulation /9/ is of the form where a and p are soft core parameters that were arbitrarily fixed to values similar to those used for molten alkali halides (a=2, p3.38). The values of A , Ql and Q2 were directly estimated from the experimental Scc(q) data to be X=i.lft-', Qi=QLi=.533 and Q2=Qpb=-2.i34s For a detailed descrrptron of how this potential was obtained we refer to /8/.
In this work we adopted this potential to simulate the model on the computer using the method of Molecular Dynamics (MD). The double aim is to check the analytical results obtained by Copestake et al. against the computer simulation data, and to extend the calculation to the dynamical structure factors, to compare with recent neutron scattering data /lo/.
I1 -The comvuter simulation
We used the MD method which consists in the integration of the classical equation of motion for all the particles in the system. A constant force approximation for very small time intervals ~0.5x10-~~sec) is assumed, and the trajectories of the particles in phase space are accurately followed.
We started our calculation using a cubic box composed by 250 particles: 200 Li atoms and 50 Pb atoms. The temperature was 1085K and the number density .04558A-~. The system was subjected to periodic boundary conditions: in such conditions the maximum possible wavelenght is equal to the box lenght. Correspondingly the only a1 lowed values of the wavevector are <nx ,ny ,n,)qmin, where n,, ny and n, are integers and q,in is equal to 2 N/lmax.wavelenght). In our case qmin was ,368-I.
After equilibration we started collecting data. In order to get the dynamical structure factor it is n,ecessary to run a long job (at least 10000 steps) recording on tape the position of all the particles every few steps. These data are then used to evaluate the space-time Fourier transform for each desired value of q. We run the system for 10000, 20000 and 50000 steps.
In order to check the influence of the finite size of our system we doubled the 1 inear dimension of the box: our "large" system was composed of ZOO0 particles, and it took one hour to run it for 500 time steps. We used this system only to get more extended and accurate glr) and S(q).
To investigate the dynamical behaviour of the system for smaller values of the wavevector q without increasing too much the number of particles we used a rectangular box. In arbitrary program units this "long" box was 4x4~16, while the "regular" box was 5 x 5~5 and the "large" one was 10x10~10. So we were able to gain a factor 3 in lenght (and hence to decrease by a factor 3 our smallest q) by only doubling the number of particles: the long box contained 510 atoms. Data were collected during a 20000 steps run after equilibration.
I 1 1 -Results and discussion
In fig. 1 we have plotted the static partial radial distribution functions g i jtr).
I t is evident that hetero-coordination is preferred. Unlike atoms exhibit a peak at 2.68, and while Li-Li nearest neighbours are found at 2.98, there are no Pb-Pb nearest neighbours: although Pb has the same soft-core radius as Li, the first peak of the gpb_pb(r) is at 4.98.
Fiq.l: partial radial distribution functions g i j(r)
In fig. 2 we have plotted the Bhatia-Thornton /11/ structure factors which describe the correlations of concentration and density fluctuations. Fig.8 in ref.8) . This might be due to the choice of the soft core parameters: the calculations performed in the MSA using the same potential but with an hard repulsive core show much higher peaks /8/.
We turn now to the discussion of our results for the dynamical structure factors. These can be The propagating mode is present in Li, and completely absent in Pb, while the low frequency interdiffusion mode is present in both species. This unforeseen fact comes probably from the great difference between the masses of the two species. (q,w) (fig. 3) is dominated by a central peak. Beside this diffusive mode we see clearly also a propagating mode, which w a s not observed in the experiment: experimental results are reported for Q up to . 1 5~1 0~~s e c -~ while this mode occurs at far higher energy. T o investigate the origin of this peak it is very interesting to look at the partial structure factors SLiLi(q,w) (fig.4) On the other hand, it is interesting to look more closely at the Spbpb(q,w) for low values of q: it presents in fact an outstanding deviation from a simple Lorentzian spectrum. The bumpy shape of this curve is also observable in the Scc:q,o) (when plotted on a scale different from that in fig.3) , and a similar d e v~a t i o n has also been reported in the experimental results (see the discussion in terms of "fast and slow relaxation channels" in /lo/). This could be the signature of the "real" sound mode. The dispersion curve obtained by this shoulder gives a sound velocity much nearer to the experimental one. 
The Scc

IV -Summary and conclusion
The usefulness of the model potential proposed by Copestake et al. /8/ has been shown. Static structure factors which are in qualitative accord with the experiments have been obtained. Good agreement with the experiments is obtained also for diffusion data. Dynamical structure factors have been shown, presenting a rather peculiar behaviour: a propagating mode to which only Li atoms contribute has been found. This is due to the vast difference between the atomic masses of Li and Pb. A possible interpretation of this mode a s an optic or a plasma mode has been suggested.
